We present electron collision strengths and their thermally averaged values for the forbidden lines of the astronomically abundant doubly-ionized oxygen ion, O 2+ , in an intermediate coupling scheme using the Breit-Pauli relativistic terms as implemented in an R-matrix atomic scattering code. We use several atomic targets for the R-matrix scattering calculations including one with 72 atomic terms. We also compare with new results obtained using the intermediate coupling frame transformation method. We find spectroscopically significant differences against a recent Breit-Pauli calculation for the excitation of the [O iii] λ4363 transition but confirm the results of earlier calculations.
INTRODUCTION
The forbidden lines of O 2+ are among the most important features in the spectra of photoionized plasmas which include, inter alia, H ii regions and planetary nebulae. The exceptional brightness of the strongest [O iii] lines means that they can be used to determine the oxygen abundances and physical conditions in the Milky Way and other galaxies out to cosmological distances that reach redshifts of more than z = 3 (Maiolino et al 2008) .
It has been recently suggested (Nicholls et al 2012) that the elemental abundance and electron temperature anomalies seen in the analysis of the planetary nebula spectra, where considerable differences have been observed between the results obtained from the collisionally-excited lines (CEL) and those obtained from the optical recombination lines (ORL), might be resolved by using non MaxwellBoltzmann (MB) distributions for the energies of the free electrons. The κ distribution, which is widely used in the analysis of solar data, was proposed as a replacement for the MB distribution to resolve this issue. If the electron distributions are generally non-Maxwellian in nebulae it would affect the analysis of [O iii] lines significantly and reliable collision strength data are needed to compute the effective collision strengths for collisional excitation and de-excitation.
The proposal that the electron energy distribution in planetary nebulae is not Maxwellian dates back to the 1940s E-mail:pjs@star.ucl.ac.uk (PJS). † E-mail: t.sochi@ucl.ac.uk (TMS). Corresponding author. ‡ E-mail: badnell@phys.strath.ac.uk (NRB).
at least where Hagihara (1944) proposed that the velocity distribution of free electrons in gaseous assemblies, such as those found in planetary nebulae, deviates significantly from the Maxwellian. Bohm & Aller (1947) argued against Hagihara and concluded that any deviation from the Maxwellian equilibrium distribution is very small. The essence of Bohm and Aller's argument is that for typical planetary nebulae conditions of electron temperature of about 10000 K and electron number density of about 10 4 cm −3 , the thermalization process of elastic collisions between an electron and other electrons and ions is by far the most frequent event and typically occurs once every second, while other processes that shift the system from its thermodynamic equilibrium, like inelastic scattering with other ions that leads to metastable excitation or recapture, occur at much larger time scales estimated to be months or even years. Bohm and Aller also indicated the significance of any possible deviation from a Maxwellian distribution on derived elemental abundances.
Although there have been many studies related to collision strengths of O 2+ , as we will discuss in the coming paragraphs, some of the previous data have limitations. For example, some of these data are produced in an LS coupling scheme while others are based on approaches that do not adequately treat resonance phenomena.
Before the advent of close-coupling codes there were several calculations of collision strengths for excitation of the O iii forbidden lines that did not incorporate resonance effects (Czyzak et al 1968; Seaton 1975; Bhatia et al 1979) .
The first close-coupled collision strengths were obtained by Baluja et al (1980) for some of the semi-forbidden inter-combination transitions of O iii using the R-matrix method (Berrington et al 1974 (Berrington et al , 1987 Hummer et al 1993; Berrington et al 1995) . They included all channels with configurations 1s 2 2s 2 2p 2 , 1s 2 2s 2p 3 and 1s 2 2p 4 in the expansion of the wavefunction. They also used three pseudo-orbitals (3s, 3p and 3d) and allowed for configuration interaction in the included states with the addition of correlation terms in the total wavefunction. Ho & Henry (1983) also used the close coupling approximation with configuration interaction in the target wavefunction to compute the collision strengths of some of O iii transitions in LS coupling. They employed a mix of spectroscopic and correlation Hartree-Fock orbitals to describe their target.
Relatively extensive work was done by Aggarwal (1983 Aggarwal ( , 1985 who computed collision strengths of O iii transitions between the fine structure levels using configuration interaction target wavefunctions. He transformed LS coupling reactance matrices obtained from R-matrix calculations to pair coupling with the program JAJOM (Saraph 1978) . The results were obtained with a fine energy mesh up to 5.16 Rydberg where a complex resonance structure was observed on the entire mesh. Aggarwal (1993) used an elaborate configuration interaction target described by Aggarwal & Hibbert (1991) and the R-matrix method in LS coupling to compute effective collision strengths for some inelastic transitions of O iii between 26 LS-coupled states of six configurations over a wide range of electron temperature (2500-200000 K). They employed the standard and no-exchange R-matrix codes on a fine energy mesh that reveals the resonance structure. This work was extended by Aggarwal & Keenan (1999) , who they computed the collision strengths for the transitions between the fine structure levels using the R-matrix method including all partial waves with L 40 to ensure convergence. Aggarwal & Keenan (1999) transformed the LS reactance matrices obtained by Aggarwal (1993) into pair coupling using JAJOM (Saraph 1978) where necessary. They only tabulated fine-structure collision strengths for some transitions, pointing out that in pair coupling, if one of the terms in a transition has spin zero and hence J = L, e.g.
3 P -1 D, the fine-structure collision strengths are proportional to the statistical weight of the non-zero spin states, in this example the 3 PJ levels. Lennon & Burke (1994) did extensive work on O 2+ collision strengths for the transitions between the fine structure levels, as part of a wider investigation on the carbon isoelectronic ions, using the R-matrix method, where the CIV3 configuration interaction code (Hibbert 1975 ) was used to generate the target wavefunctions. The target included 12 states belonging to 3 configurations (1s 2 2s 2 2p 2 , 1s 2 2s 2p 3 and 1s 2 2p 4 ). They also transformed to pair coupling in the same way as Aggarwal & Keenan (1999) described above. They presented a sample of Maxwellian based effective collision strengths in the temperature range 10 3 − 10 5 K.
Recently, Palay et al (2012) made the first calculation of collision strengths for the O iii forbidden transitions using a relativistic Breit-Pauli (BP) R-matrix method with resolved resonance structures. They used 22 configurations (3 spectroscopic and 19 correlation) to describe the target. Like most of the previous studies, they have also presented samples of the Maxwellian averaged effective collision strengths which were also computed at temperatures down to 100 K.
The most recent R-matrix calculations (Lennon & Burke 1994; Aggarwal & Keenan 1999; Palay et al 2012) generally agree to within 10% for the thermally averaged collision strengths for the forbidden transitions among the five lowest levels. An exception to this generally close agreement is for the transitions from the lowest three 3 PJ levels to the 1 S0 state. The recent results of Palay et al (2012) differ significantly from those of earlier workers. The excitation mechanism of the 1 S0 level is important because the 1 S0 → 1 D2 λ4363 line is widely used to infer the electron temperature in H ii regions and planetary nebulae. If a κ distribution of electron energies is assumed, the number of free electrons capable of exciting the 1 S0 state would be increased relative to a MB distribution which would affect the derived O 2+ abundance. The aim of the present paper is twofold. Firstly we make a Breit-Pauli R-matrix calculation of the O 2+ collision strengths with an independently derived target configuration basis to compare with previous work, especially the only other Breit-Pauli results from Palay et al (2012) . Secondly we attempt to place realistic error estimates on our results by examining the effect of several factors on our results. We discuss the convergence of our calculation as the number of target states is increased. Our largest target includes significant contributions to the dipole polarizability of the three energetically lowest terms. We also consider the effect of Gailitis averaging of the collision strengths close to the excitation thresholds, especially for excitation of the 3 P1 level between the 3 P1 and 3 P2 thresholds. We additionally compare the results of the Breit-Pauli calculation with those obtained using the Intermediate Coupling Frame Transformation (ICFT) R-matrix method (Griffin, Badnell & Pindzola 1998 ). This method is based on transforming the non-physical LS-coupled reactance matrices, to compute collision strengths in intermediate coupling.
The calculation described in the following sections is constructed to provide accurate results for the excitation of the optical and infrared forbidden transitions among the five lowest levels of O 2+ at temperatures typical of photoionized plasmas. We compute collision strengths up to ≈ 1.3 Rydberg free electron energy relative to the ground level and Mawell-Boltzmann averaged collision strengths from 100 K to 25000 K.
The main tools used in this investigation are the Autostructure code 1 (Eissner et al 1974; Nussbaumer & Storey 1978; Badnell 2011) to define and elaborate the atomic target and the UCL-Belfast-Strathclyde R-matrix code 2 (Berrington et al 1995) to do the actual scattering calculations. We compare our results with earlier calculations and also assess the reliability of our results. Table 1 . The configuration basis used to define the scattering target. The 1s 2 core is to be understood in all configurations. The bar signifies a correlation orbital. 2s 2 2p 2 , 2s 2p 3 , 2p 4 2s 2 2p 3l; l = 0, 1, 2 2s 2p 2 3l; l = 0, 1, 2 2p 3 3l; l = 0, 1, 2 2s 2 3l 3l , l, l =0,1,2 2s 2p 3l 3l , l, l =0,1,2 2p 2 3l 3l , l, l =0,1,2 2s 2 2p 4f, 2s 2p 2 4f, 2p 3 4f 2s 2 3d 4f, 2s 2p 3d 4f, 2p 2 3d 4f 2s 2 4f 2 , 2s 2p 4f 2 , 2p 2 4f 2 Table 2 . Orbital scaling parameters, λ nl , for Autostructure input. The rows stand for the principal quantum number n, while the columns stand for the orbital angular momentum quantum number l. 
COMPUTATION
In the following we outline the computational methods used in this work.
The O 2+ target
We used the Autostructure code (Badnell 2011) to generate the target radial functions required as an input to the first stage of the R-matrix code. The radial data were generated using thirty-nine configurations containing seven orbitals; three physical (1s, 2s and 2p) and four correlation orbitals (3s, 3p, 3d, 4f). These configurations are given in Table 1 . An iterative optimization variational protocol was used to obtain the orbital scaling parameters, λ nl , which are given in Table 2 . The correlation orbitals are calculated in a Coulomb potential with central charge 8|λ nl |.
In the scattering calculations, targets with differing numbers of target states were used, with the largest having 72 terms which are listed in Table 3 . Calculations were also made with the first 10 and 20 terms from this list as discussed in more detail below.
In Table 4 we show the statistically weighted oscillator strengths, gf , in the length and velocity formulations for all the strong allowed transitions between the 2s 2 2p 2 and 2s 2p 3 configurations. The agreement is excellent. Good agreement between the length and velocity results is a necessary but not sufficient condition for ensuring the quality of the target wave functions. These transitions also make the largest contributions to the dipole polarizabilities of the three lowest terms.
The 72 terms listed in Table 3 were chosen to include all those correlation configurations that contribute significantly to the dipole polarizability of the three lowest terms. The main contributions come from 2s 2 2p 3d configuration. The contribution of states outside the n = 2 complex to the dipole polarizabilities of the 3 P, 1 D and 1 S terms is 37%, 37% and 60% respectively. In Table 5 we list the energies of the 18 levels of the n = 2 complex configurations. We show theoretical energies which include one-and two-body fine-structure interactions (E th2 ) and those which only include the spin-orbit interaction (E th1 ), the latter being the only fine-structure interactions included in the version of the R-matrix code that we use (see footnote 2). We return to the effect of omitting two-body fine structure interactions in section 3.
The Scattering Calculations
We made several calculations with increasing numbers of target states, both with Breit-Pauli and the Intermediate Coupling Frame Transformation R-matrix methods. The target radial functions were supplied as a radial grid format rather than Slater type orbital format where the radial file was generated by Autostructure. The inner region radius (RA) in the R-matrix formulation was 9.315 au. Twelve continuum basis functions were used to represent the wavefunctions in the inner region. This choice was based on convergence tests and with experience from previous work on the C + +e system (Sochi 2012; Sochi & Storey 2013) . The maximum value of 2J for the (N + 1)-electron problem was chosen to be 19 although 15 was found to be sufficient for convergence of the collision strengths for the forbidden transitions of interest here.
As indicated previously, we made three sets of calculations using the configuration basis described in section 2.1 with 10-, 20-and 72-terms using both the BP and ICFT approaches. These three targets comprise 18, 34 and 146 fine-structure levels respectively. The main purpose of using several targets is to have an estimate of the error in the final results from observing the convergence of the results with different numbers of target terms. For all three targets, the (N + 1)-electron wavefunction contains all possible configurations formed from the 39 configurations of the N -electron target combined with any of the orbitals, spectroscopic and correlation. There are 102 such (N + 1)-electron configurations.
Experimental energies obtained from the National Institute of Standards and Technology (NIST) 3 were used in place of theoretical ones to ensure correct positioning of thresholds for convergence of resonance series. In some cases this required re-ordering the target states.
Collision strengths were calculated for electron energies up to 1.28 Rydberg relative to the 2s 2 2p 2 3 P e 0 ground level, hence 0.89 Rydberg relative to the highest state of interest, 2s 2 2p 2 1 S e 0 . This energy corresponds to ≈ 7kT when the electron temperature T = 20000 K, the approximate upper limit for temperatures in photoionized nebulae. Over this energy range, collision strengths were calculated at 20000 equally spaced energies, except between the 2s 2 2p 2 3 P e 1 and 3 P e 2 levels where calculations were performed on a mesh 100 times finer. Calculations were also made with and without Table 3 . Target terms and energies, E, calculated by Autostructure using the configuration basis listed in Table 1 . The 1s 2 core is suppressed from all configurations. All these terms are included in the 72-term target, while for the smaller targets (10-and 20-term) only the first 10 and 20 terms respectively are included. Gailitis averaging of the collision strengths in the region beneath each threshold where the effective quantum number ν > 10.
We calculate the thermodynamically-averaged collision strengths for electron excitation, Υ, from a lower state i to an upper state j from
where T f is the effective temperature, k is the Boltzmann constant, i and j are the free electron energy relative to the states i and j respectively, ∆Eij (= j − i) is the energy difference between the two states, Ωij is the collision strength of the transition between the i and j states, and f ( i, T f ) is the energy-and temperature-dependent electron distribution. In what follows we will only consider MaxwellBoltzmann distributions of electron energy, given by Table  5 .
RESULTS AND DISCUSSION

Results
A sample of our 10-, 20-and 72-term BP collision strengths is shown in Figure 1 . The agreement between the three calculations is excellent, with the most obvious difference being that some resonances move to lower energies as the target size is increased, as might be expected. Figure 2 shows the results for the thermally averaged collision strength, Υ, as a function of temperature for the 10-and 20-term calculations relative to the 72-term calculation as a percentage difference. The differences are less than 9% at any temperature for the 10-term calculation and less than 5% for the 20-term case. levels of 193 cm −1 corresponds to a temperature of 278 K, so this energy region is significant for computing Υ at temperatures down to 100 K. We calculate the collision strengths with an energy interval of 6.4 × 10 −7 Rydberg in this interval and compare with the result of using Gailitis averaging in this region. The difference is less than 1% at any temperature and we conclude that Gailitis averaging is adequate to obtain accurate values of Υ down to 100 K.
The results of the ICFT calculations showed unexpect- Table 5 . The 18 lowest energy levels of O 2+ and their experimental (Eex) and theoretical (E th1 and E th2 ) energies in wavenumbers (cm −1 ). The experimental energies are obtained from the NIST database while the theoretical energies were obtained from Autostructure with the configuration basis listed in Table 1 . The energies E th1 were obtained with only spin-orbit terms in the target Hamiltonian while E th2 also include two-body fine-structure interactions within the n = 2 complex. edly large differences from the BP results in some energy domains. This is illustrated in Figure 3 where we compare the thermally averaged collision strengths for the 72-term ICFT calculations with the 72-term BP results for the 3 P transition. Due to the difference in scaling with effective charge (z eff ) of term energy separations (∝ z eff ) and resonance energies (∝ z 2 eff ), resonance effective quantum numbers can become small for lowly ionized systems. Such deeply-closed channels can be problematic for the multichannel quantum defect theory (MQDT) used by the ICFT method due to computational finite numerical precision of highly divergent wavefunctions. Gorczyca & Badnell (2000) found that classically forbidden channels (e.g. n < l) could be handled expediently by simply omitting them from the MQDT representation. For low-energy scattering in O 2+ we encountered a similar problem in a new guise for n 2. The closed-channel partition of the MQDT representation should give no contribution since all bound orbitals (spectroscopic and pseudo) are projected out of the continuum basis. All such closed channel contributions (e.g. correlation resonances) arise instead in the open-open part of the scattering matrix. For l > 1 the original Gorczyca & Badnell (2000) expediency already omits such closed channels (n < l). For l = 0, 1 we found it necessary to explicitly omit such closed channels from the closed partition as well. We show the effect of this modification as the dashed line in Fig on the convergence behavior and the effect of Gailitis averaging, estimate an uncertainty of no more than 5% in the final thermally averaged collision strengths. In Table 6 we tabulate thermally averaged collision strengths Υ, for the 72-term target in the temperature range log10T = 2.0(0.1)4.4.
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Comparison to Previous Work
We compare our effective collision strength results with those from previous calculations of similar quality, that is those which used close-coupling techniques and computed collision strengths at sufficient energies to delineate resonances.
In Table 7 we compare our final 72-term results with the LS results of Lennon & Burke (1994) . That calculation was based on the 12-state target including n = 3 correlation orbitals described by Burke, Lennon & Seaton (1989) . They agree within 10% for all transitions and all temperatures. The effective collision strengths, Υ( 3 P -1 D) and Υ( 3 P -1 S), for excitation of the optical forbidden lines do not differ Table 6 . Thermally averaged collision strengths from the 72-term Breit-Pauli calculation as a function of temperature. The transitions are indexed as in Table 5 . by more than 6% at any temperature. The agreement is generally even better with our 20-term calculation which might be expected since that calculation includes the 12 terms of the n = 2 complex which is the target of Lennon & Burke (1994) . However, their target does not include the states constructed from correlation orbitals that make a large contribution to the polarizability of the important states, as discussed in section 2.1.
The most recent R-matrix calculations where finestructure collision strengths are presented are those of Aggarwal & Keenan (1999) and Palay et al (2012) . The former calculation is based on an elaborate 26-term target described by Aggarwal & Hibbert (1991) constructed from 1s, 2s and 2p spectroscopic and 3s, 3p, 3d, 4s, 4p and 4d correlation orbitals. The resulting LS coupled reactance matrices were recoupled algebraically using the JAJOM (Saraph 1978) program where necessary. This approach neglects the fine-structure interactions between target states and in this approximation some fine-structure collision strengths can be derived directly from LS-coupled collision strengths using only statistical weight factors as described by both Aggarwal & Keenan (1999) and Lennon & Burke (1994) . Palay et al (2012) have made a 19-level Breit-Pauli R-matrix calculation where the target is expanded over a configuration set involving 1s, 2s, 2p and 3p spectroscopic orbitals and 3p, 3d, 4s and 4p correlation orbitals. Palay et al (2012) use an extended version of the Breit-Pauli R-matrix code which they attribute to Eissner & Chen (in preparation) which includes two-body fine-structure interactions which enables them to calculate the fine structure splitting of the ground 3 PJ levels with an error of order 3% (Palay et al 2012) . Palay et al (2012) were also the first to extend the tabulation of thermally averaged collision strengths down to very low electron temperatures (100 K).
In Figure 4 we compare graphically our fine-structure results with those of Lennon & Burke (1994) , Aggarwal & Keenan (1999) and Palay et al (2012) . In Table 8 we compare the same results numerically and also include the results of the earlier R-matrix calculation by Aggarwal (1983) . Figure 4 shows the percentage difference in the thermally averaged collision strengths from these three calculations relative to our results, for all ten transitions among the en-ergetically lowest five levels. Where necessary, we derived fine-structure collision strengths from the results of Lennon & Burke (1994) and Aggarwal & Keenan (1999) Lennon & Burke (1994) and Aggarwal & Keenan (1999) to within 10% for all temperatures between 1000 K and 25000 K where comparison can be made and to within 5% for the majority of temperatures. For these two calculations the differences are relatively insensitive to temperature, indicating that their collision strengths have a similar energy dependence to ours. We find generally larger disagreements with the results of Palay et al (2012) , reaching 10-15% at the extremes of tabulated temperature for many transitions and being even larger for the transitions from the ground 3 PJ levels to the 1 S0 state (transitions 1-5, 2-5 and 3-5). Here the differences reach 100% at 100 K and are over 20% at 10000 K. The differences also show a distinctive temperature dependence. With the exception of the 3 PJ -1 S0 transitions the Palay et al (2012) results are generally smaller than ours at the lowest temperatures and larger at the highest temperatures. This suggests that their collision strengths generally have a different energy dependence in the energy range relevant for nebular temperatures, about 1/4 Rydberg above threshold.
Discussion
In photoionized plasmas the O iii forbidden lines are commonly used to determine the electron temperature of the emitting material, and hence to determine the number of O 2+ emitters relative to H by comparison with a strong H recombination line. The temperature determination rests on the ratio of the intensity of the λ4363 line to either or both of the λ4959 and λ5007 lines. The λ4363 line is relatively weak and cannot be seen if the temperature is much below 5000 K. Once the temperature is known, the much stronger λλ4959, 5007 lines can be used to deduce the O 2+ number density. In nebular plasmas all these lines are excited collisionally from the 3 PJ ground levels. The excitation mechanism for λ4363 is therefore central to determining the electron temperature and abundances. In Figure 5 we show how the derived electron temperature from our work differs from that obtained from Lennon & Burke (1994) and from the data of Aggarwal & Keenan (1999) and Palay et al (2012) . In all the temperature determinations the radiative transition probabilities were taken from Nussbaumer & Storey (1981) and Storey & Zeippen (2000) . Very similar temperatures are obtained with the collision strength data of Lennon & Burke (1994) and Aggarwal & Keenan (1999) . Palay et al (2012) state that there are no significant differences in line ratios arising from their calculation when comparing to Aggarwal & Keenan (1999) but Figure 5 shows that this is not the case. The difference in derived temperature is 213 K at 5000 K, 421 K at 10000 K and 504 K at 15000 K.
In summary, our new Breit-Pauli R-matrix calculation generally shows much better agreement for thermally averaged collision strength with the earlier non-Breit-Pauli Rmatrix calculations of Lennon & Burke (1994) and Aggarwal & Keenan (1999) Temperature difference [K] T [K] Figure 5 . The difference in derived electron temperature from the λ4363/(λ4959+λ5007) line intensity ratio using the data of Lennon & Burke (1994) (solid line), Aggarwal & Keenan (1999) (dashed line) and Palay et al (2012) (dotted line) against the temperature derived from the present results.
sons why the Palay et al (2012) results differ is not clear. One question that arises is whether the two-body fine-structure terms that are included in the Breit-Pauli R-matrix formulation of Palay et al (2012) and not in our calculation might be the cause. We do not believe that this is the case for the following reason. In Figure 6 we show two sets of results for the thermally averaged collision strength for the 3 P Except at the lowest temperatures (T < 300 K) they differ by no more than 1%. The larger difference at the lowest temperatures simply reflects the fact that the pair-coupling calculation does not separate the 3 PJ levels in energy and therefore the threshold energies of these levels are not correct. The results for the other transitions show similar behavior. We emphasize, however, that the ICFT calculation which does incorporate target spinorbit effects agrees with the full Breit-Pauli calculation to within 1% at all temperatures. The good agreement that we find shows that the spin-orbit interaction has a very small effect on the results. In O 2+ two-body fine-structure interactions are substantially smaller than the spin-orbit interaction and should therefore have a negligible effect on the results. This point is emphasized in Figure 7 where we show the percentage difference between the results of Palay et al (2012) and ours for the three 3 PJ -1 S0 transitions. Except at very low temperatures, they do not show any significant dependence on J which might be expected if fine-structure effects were important and indicate rather that the termterm 3 P -1 S collision strengths differ significantly between the two calculations.
CONCLUSIONS
In the present paper, the collision strengths for the transitions between the lowest five levels of the astronomicallyimportant O
2+ + e − atomic system up to about 1.3 Rydberg of electron excitation energy are computed in the close coupling approximation using the UCL-Belfast-Strathclyde Table 5 .
R-matrix atomic code. Different coupling schemes with different atomic definitions and parameters are used to describe the scattering target and scattering process.
Our results were extensively compared to previous work. We found a good agreement in most cases which increases our confidence in our results. However, we found significant differences with Palay et al (2012) who also used a Breit-Pauli coupling scheme and hence a better agreement was expected. The good agreement between our R-matrix Breit-Pauli calculation and earlier R-matrix work in which the fine-structure was treated more approximately strongly supports our results. We showed that the relatively large differences found for the excitation of the λ4363 line between the work of Palay et al (2012) on the one hand, and all previous calculations, on the other, leads to significant differences in derived temperatures from the main [O iii] line ratios.
With regard to the use of the ICFT method, for lowly ionized systems some resonances can have very low principal quantum number, and channels are deeply closed, which can cause problems for multichannel quantum defect theory. This difficulty can be overcome by explicitly omitting channels with very low effective quantum number and in any case evaporates as the effective charge number increases. Table 5 . 
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